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CHAPTER I 
I N T R O D U C T I O N 
INTRODUCTION 
The analytical chemistry deals with development 
methods for chemical analysis. The chemical analysis is 
indispensable in many branches of science. It finds 
constant application in technology, industry, medicine, 
agriculture, geology, criminology and other fields. The 
chemical analysis is divided into qualitative 
analysis and quantitative analysis. The qualitative 
analysis deals with the detection of constituents or 
components present in a compound or sample while quanti-
tative analysis determines the proportions in which the 
constituents or the amount of constituents are present. 
The constituents to be detected or determined may be 
from inorganic or organic substances and the analysis is 
correspondingly known as inorganic or organic analysis. 
Inorganic analysis has been developed to establish, in 
many cases, important fundamental laws of theories of 
chemistry. Most of the reactions are straight forward and 
there is less probability of side reactions. The nature of 
inorganic substances is governed by a number of selective 
and specific reactions and therefore, specificity and 
selectivity has been studied in greater detail. 
Organic analysis on the other hand, deals with the 
organic reactions which are usually slower involving more 
complex mechanisms and with greater probability of side 
reactions. Members of homologous series show similar 
behaviour or compounds containing same functional group are 
more alike chemically and, therefore, the mixtures are more 
complex. However, currently the situation is improving and 
today, a large number of analytical chemists are occupied in 
the development of organic analysis. 
Over the last three decades there has been an 
increased interest in the field of organic analysis which 
may be divided into three groups : (1) Elemental analysis, 
(2) functional group analysis, and (3) analysis of 
compounds individually. In the past, elemental analysis was 
the main source for qualitative and quantitative analysis 
of organic compounds.. But at present, this is a less useful 
technique as it gives only the percentage of each atom 
present in the compound.when an organic chemist is certain 
about the synthetic compound then this analysis is 
frequently used to confirm the identity of the product, 
mainly by carbon hydrogen analysis. 
To verify the identity of an orlganic compound 
quantitatively by determining-4:he. functionalgroups has been 
recognized as more advantageous as it is based on the 
molecules of the particular type of nh& corpoundPi^ ef erence is 
given for the determination of an organic compound by 
functional group rather than to elemental analysis because 
the functional group gives more characteristic 
informations than the elements. Functional group- analysis 
also eliminates the uncertainty which exists in elemental 
analysis when the practical results do not coincide the 
theoretical values. At present, the field of functional 
group analysis is being developed at a rapid rate. 
The important work on functional group analysis has 
been reviewed by Cheronis and Ma (1) S. Siggia (2) and F.T. 
Weiss (3). Quantitative analysis of organic compounds in 
trace and lower amounts is of paramount importance because 
this gives the determination of a component in a sample 
vastly diluted with other materials. The principal 
techniques used for this purpose are : spectrophotometric, 
chromatographic, electrochemical and radiotracer techniques. 
The spectrophotometric techniques include ultraviolet, 
infrared and visible spectrophotometry. The chromatographic 
methods include paper, thin layer, column, electrochroraato-
graphy and gas chromatography. The use of spectrophoto-
metric methods, however, has been made on the largest scale 
in organic analysis. Out of these the use of spectrophoto-
metry applied in visible reg^ion is preferred because of its 
simplicity and ' _of its suitability when a colour 
is observed by a particular reaction. In the last few 
decades the developments in this technique have been very 
extensive. 
Although coloximetric methods are among the earliest 
instrumental techniques but even today they are considered 
to be one of the top ranking methods because of their 
overall utility. These methods are based fundamentally on 
the light absorptive capacity of the coloured materials in 
the solution form. The development of colour is achieved by 
certain chemical reactions. 
The term coloutimetry has been used in distinct senses 
in Physics and in chemistry. To a physicist it means to 
determine the colour as a colour match for the sample in 
terms of equivalent stimuli. To a chemist it means to 
detect and determine the colour forming substance. However, 
the term visible absorptimetry is preferred. Two other 
words photometry and spectrophotometry are in much usage at 
present by the chemist in place of colourimetry. 
Colo- rime try was recognised only about 1850. From 1850 
to 1900 there appeared some well known methods mainly for 
inorganic analysis but progress was slow. Interest has been 
developed in fe'/entieth century and during the last few 
decades extensive work has been done on colourimetric 
determination of substances of inorganic and organic 
origin. The book by Snell and Snell (4) have been classic 
in this field. 
It will be worthwhile to mention a little about the 
principles on which the spectrophotometric determination of 
organic compounds is based. When a beam of light falls on 
an absorbing material., the radiation is absorbed by the 
absorbing material in the form of discrete packets of 
energy called photons. The absorption of photons may cause 
the change in rotational, vibrational and electrical 
energy. In the visible region (the region between 380 and 
780 nm of the electromagnetic spectrum) the absorption of 
electrical energy,mainly, takes place to displace an outer 
electron in the molecule. The absorption spectrum ,showing 
the absorption at different wavelengths based on the nature 
of the absorbing material, is a function of the structure 
of the absorbing substance in terms of specific bonds, the 
position of bonds, etc. Since no unique spectrum will be 
found in the visible region and- therefore -this is a poor 
region for the identification of substances. However, the 
selection of an optimum wavelength can be made from 
absorption spectrum such that the material of interest 
absorbs light at this wave length to a maximum (or to a 
greater extent). At such wave length the absorbance will be 
affected to a less extent by the interferencesprovided that 
the interferring substances absorb at different wavelengths. 
The absorption in the visible region has a large magnitude 
(giving higher molar absorptivities) and, therefore, dilute 
solutions are adequate in this region and may be applied 
for quantitative work at trace analysis level. 
For colo'jrimetric determinations certain requirements 
must be fulfilled. The important ones are : application of 
the 
Beer's law, stability of/colour,sensitivity & selectivity of 
the method. Beer's law (or Beer-Lambert's law) relates the 
absorbance with concentration by the relation either A = 
abc or A =-6. be where A is the absorbance, a is absorpti-
m 
vity, b is breadth of the cell in which solution is placed, 
c is the concentration in grams per litre, -£- is the molar 
absorptivity and c represents the molar concentration. In 
m 
a general way, a straight line is obtained on plotting 
absorbance against the concentration. The deviation from 
the straight line is also observed beyond the range of 
applicability of Beer's law. In certain cases such 
calibration curves have also been used for determinations. 
The number of analytical applications of spectro-
photometry is truly amazing. The scope of the method can 
be judged by consulting the books of Sandell, snells and 
periodical reviews in even years of analytical chemistry. 
The selectivity varies greatly from one determination 
to another. In general the absorption bands in the visible 
range are rather broad and the simultaneous determination 
of several substances by this procedure is limited to two 
or possibly 3 substances. 
The accuracy of determinations by spectrophotometry 
can be high and errors can be as low as 0.2 to 0.5%. The 
main difficulty is not of instrumental nature but rather a 
result of variations in the chemical conditions in 
consecutive determinations. The formation of coloured 
substances often proceeds by complicated reactions, and 
variation in pH, temperature, ionic strength etc. may cause 
serious errors. Many of the reactions are not rapid and 
consequently the measurements must be properly timed. 
The organic compounds may be classified into the 
following broad groups based on the presence of different 
functional group : 
1. Phenols 
2. Alcohols 
3. Carbohydrates 
4. Acids compounds 
5. Aldehydes 
6. Ketones 
7. Amines 
8. Nitro compounds 
9. Thio cmpounds 
The important methods are listed in table 1 for the 
spectrophotometric determination of organic compounds on 
the basis of functional group determination. 
TABLE - 1 
METHODS FOR THE DETECTION AND DETERMINATION OF ORGANIC COMPOUNDS BASED ON FUNCTIONAL GROUPS 
Compound Reagent Colour References 
Phenols 
phenolic compound 
Phenolic compound 
Phenolic compound 
Phenolic compound 
Alcohols 
Alcohol 
Primary and 
Secondary alcohol 
Carbohydrate 
Carbohydrate 
Acids 
Carboxylic acid 
Carboxylic acid 
Ferric-chloride solution 
Sodium hydroxide solution 
Sodium nitrite + Sulphuric acid 
Diazotised amine 
Ceric nitrate solution 
Bromine + Carbon tetrachloride 
+ N-bromosuccinimide 
Diphenylamine + Starch 
and Iodide 
Ferric chloride 
Chromotrophic acid and 
Violet, green 
Green, red 
Green 
Orange to red 
Red 
Orange 
Blue 
Wine red 
Red 
( 5 ) 
( 6 ) 
( 7 ) 
( 8 ) 
( 9 ) 
( 1 0 ) 
( 1 1 ) 
(12) 
(13) 
magnes'ium ribbon and 
sulphuric acid. 
CO 
Table 1..-Contd 
Compound Reagent Colour References 
Carboxylic acid 
Carboxylic acid 
Acetic acid 
Malic acid 
Oxalacetic acid 
Ascorbic acid 
Ascorbic acid 
Tricloroacetic acid 
Thioglycolic acid 
Glycolic acid 
Indole acetic acid 
Sorbic acid 
Hydroxamic acid with hydro 
chloride and alkali 
2 nitrophenylhydrazine in 
aqueous solution 
Iodine, Lanthanum, 
Ammonia solution and Acetate 
2,7 naphthalenediol, 
Sulphuric acid 
Hydrazine, Dihydrochloride 
solution, sodium nitrite and 
potassium hydroxide 
Phenol and ferric chloride 
solution 
Dinitrophenylhydrazine solution, 
sulphuric acid, stannous chloride, 
and metaphosphoric acid 
Pyridine in alkali media 
Glycolic acid, sodiumnitro 
prusside solution 
2,7 dihydroxy naphthalene and 
sulphuric acid 
Ferric chloride solution 
and sulphuric acid 
riagnes'.ium sul-f^ iate, citric acid 
hydroquinone and sulphuric acid 
Blue or green (14) 
Red 
Green 
Yellow 
(15) 
(16, 17) 
(18) 
Yellow, Green (19,20,21) 
Brown 
Green 
(22) 
(23) 
Crimson (24,25,26,27) 
Red, Violet (28,29) 
Red, Green 
Red 
Green 
(30) 
31,32.33,34) 
(35,36.37) 
UJ 
Table 1..-Contd, 
Compound Reagent Colour References 
Lactic acid 
Pyruvic acid 
Succinic acid 
Benzoic acid 
Salicylic acid 
Formic acid 
Formic acid 
Formic acid 
Aldehyde 
Aldehyde 
Aldehyde 
p-hydroxy diphenyl, sodium 
hydroxide, sulphuric acid and 
copper sul^^ate 
2,4-dinitrophenYl hydrazine, 
hydrochloric acid and xylene 
Resorcinol, sulphuric acid. 
Ammonium hydroxide solution 
Potassium nitrate, sulphuric 
acid, dinitrobenzoic acid. 
Ammonium sulphate, HYdroxyl-
amine, diaminobenzoic acid. 
Ferric chloride and ferric 
nitrate solution 
Basic Fuchsine dye Reagent 
Phenanoline and Pyridine 
solution 
Perchloric acid, ethanol, 
hydrochloric acid, methanol, 
hydroxylamine, sodium 
hydroxide, and Ferric chlorate 
Schiffs reagent 
Hydrochloric acid and 
2,4-dinitrophenylhydrazine 
Yellow, Green 
Reddish brown 
Reddish 
Green 
Green 
Violet 
Red 
(38,39,40,41) 
(42,43,44) 
(45,46) 
(47,48) 
(49,50) 
(51) 
(52) 
(53) 
(54) 
(55) 
Table 1...- Contd. 
Compound Reagent Colour References 
Ketones 
Ketones 
Amines 
Primary amines 
Secondary amines 
Secondary amines 
Alkyl and aryl 
amines (containing 
single ring) 
Alkaline sodium Nitroprusside 
2:4 Dinitrophenylhydrazine 
N—iodosuccinimide + benzoyl 
peroxide + Carbontetrachloride— 
heat on water bath at 80° C 
N—iodosuccinimide + benzoyl 
peroxide + carbontetrachloride— 
heat on water bath at 80°C 
Dioxan. p nitrophenyl 'azobenzoyl 
chloride, benzyltriraethyl, Ammonium 
hydroxide, dimethyl sulphoxide and 
hydrogen peroxide 
Pyridine + Sodium hydroxide 
Red 
Yellowish red 
Brown 
Colour 
Brown 
Colour appear 
but disappear 
after sometime 
Brown 
Yellow,Orange 
(56) 
(57) 
(58) 
(59) 
60,61) 
(62) 
Table 1 Contd, 
Compound Reagent Colour References 
Amines 
Tertiary amines 
Tertiary amines 
Nitro compound 
Primary and Secondary 
aliphatic nitro compounds 
Aromatic nitro compound s 
Primary nitro paraffins 
Dinitro compound 
(Aromatic and Aliphatic) 
Organic nitrates 
Thio compounds 
Thio compound 
Ammonium hydroxide + p nitrobenzene 
diazoniumtetrafluoroborate 
Citric acid in acetic anhydride 
Acetone and cupric acetate 
Sulphuric acid + iodine + 
sulphanilic acid + naphthylamine 
Dimethyl formamide + tetraethyl 
ammoniumhydroxide 
P-diazobenzene sulphonic acid 
Dimethylformamide + methyl amine 
Ferrous sul-f^ aate + cone, 
sulphuric acid 
Sodium nitroprusside + 
acetic acid 
Yellow orange 
or red 
Magenta 
Green 
Magenta 
Red 
Red 
Dark Red 
Red 
(63) 
(64) 
(65,66) 
(67) 
(68) 
(69) 
(70) 
(71) 
Red (72) 
Thiourea Nitroprusside hydroxylamine Blue (73) H 
T a b l e 1 C o n t d . 
Compound R e a g e n t Co lou r R e f e r e n c e s 
C y s t i n e 
2,3-dimercapto—1— 
propanol 
Diethyl dithiocarbamic 
acid 
Cystiene 
Thiourea 
Cystine 
Sulphonamides 
Phospho—18— tungustic acid 
Cyanogen chloride 
Cupric sultfiate and Sodium 
citrate 
Ferrozine 
C o b a l t s a l t i n a n h y d r o u s medium 
P — a m i n o d i m e t h y l a n i l i n e + 
z i n c 4- f e r r i c ammonium s u l - ^ i a t e + 
Sulphuric a c i d 
9 - c h l o r o a c r i d i n e 
B lue 
Red 
Blue 
Red 
Blue 
Red 
( 7 4 ) 
( 7 5 ) 
( 7 6 ) 
( 7 7 ) 
( 7 8 ) 
( 7 9 ) 
Y e l l ov/ ( 8 0 ) 
UJ 
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nitric acid 
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INTRODUCTION 
Aliphatic carboxylic acids have been known for a long 
time, and as a result have common names that refer to 
their sources ratherthan to their chemical structures. 
The common name of the lowest member of the series is 
Formic Acid which is derived from the sting to the bite 
of an ant (Latin t formica for ant). The characteristic 
chemical behaviour of carboxylic acids is determined by 
their functional group, i.e. carboxylic group —-C'<<^  , 
which is made up of a carbonyl ( = C"0) and a hydroxy! 
group (-0H). In aqueous solution a carboxylic acid 
exists in equilibrium with the carboxylate anion and 
the proton. Thus, every carboxylic- acid has its 
characteristic Ka, which indicates how strong an acid 
it is. The amount of an acid (in a major sample) can be 
determined by titrating it against a standard alkali 
solution. However, on micro levels and in traces the 
titrimetric determinations are not free from errors. 
Spectrophotometry perticularly, in visible region is a 
very important technique for the quantitative 
estimation of substances in traces (l)if they can 
produce some coloured compounds. This technique is 
especially suitable for the determination of organic 
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compounds. In the visible region, the advantage is 
taken of the fact that many ions or molecules are 
either coloured or can react with some reagents to form 
coloured compounds that are capable of absorbing 
electromagnetic radiation in the visible range. 
Spectrophotometry has been effective in the 
determination of substances in solutions of 
concentrations as low as 10 M which can not be 
determined with the help of volumetric methods. An 
advantage of spectrophotometric method of determination 
of substances lies with the fact that in most of the 
cases the separation of the desired substance needs not 
to be carried out. The accuracy of the method may be 
set, usually, within 1- 2% error range. 
Determination of formic acid got importance because of 
its use ad reducing agent. A new colo :rimetric reaction of 
formic acid v/as reported from these laboratories (2). 
It has been observed that formic acid at low 
concentrations- react with anisole in presence of nitric 
acid, v7hen the reaction mixture is heated, to form a 
yellow coloured compound which can be extracted in 
n- butanol -The yellow coloured extract absorbs at 360 
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nm. Therefore, this method has been developed for the 
spectrophotometric determination of formic acid. The 
effect of variables is studied. The mechanism of the 
reaction is given. 
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EXPERIMENTAL 
Apparatus : 
Bausch and Lomb "Spectronic - 20" (U.S.A..) was used for 
the spectrophotometric work. 
Reagents : 
Nitric acid used was L.R. from (LOba Chemi« Pvt. Ltd. 
Bombay) Anisole used was CDH from (Central Drug House 
(P) Ltd. Bombay), Formic acid used v/as SDS from (S.d. 
fine chem. Pvt. Ltd.). 
All the other reagents used were of Analytical grade. 
Recommended Procedure : 
To 10ml of Formic acid in water was added 2 ml of 
<::;Uiisole. The concentration was varied from 0. 5% to 1%. 
Then to this solution was added 5 ml of (4M) nitric 
acid and made upto mark by water in a 25 ml standard 
flask. Now transferre«<to a conical flask and was heated 
on water bath for 90 minutes. After cooling at room 
temperature it was transferr««Cin a separatory funnel 
with 10 ml of n-butanol .The absorbance of the extracted 
product was measured at 360 nm. 
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R E S U L T S 
Absorption Sepctrum 
The product formed by the action of Formic acid, nitric 
acid and CKnisole was yellow coloured. Absorbances of 
the coloured product against the reagent blank at 
different wavelengths are given in Table X and plotted 
in Fig.l'. 
Table I : Absorbance of the yello^-f coloured product at 
various wave lengths. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Wave length 
in 
330 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 
540 
nm 
Absorbance 
0 -20 
0 .32 
0-75 
0 .44 
0 .22 
0 .14 
0 .06 
0 .02 
0 .01 
0.00 
0.00 
n on 
contd. 
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Contd...Table 1 
13. 560 0.00 
14. 580 0.00 
15. 600 0-00 
16. 620 0-00 
Effect of Variables 
Several experiments were carried out by varying the 
amount of one reagent and keeping constant the 
amount of the other reagents. 
Effect of nitric acid concentration 
To 10 ml of0.5% of formic acid in water was added 2 ml 
of CUiisole, then to this solution v;as added 5 ml of 
varying molarity of nitric acid from 1 M to 5 N and 
made upto mark by water in a 25 ml standard flask 
transferr^^stto a conical flask and was heated on water 
bath for 90 minutes. After cooling at room temperature 
it was transferred in a separatory funnel extracted with 
10 ml of Tj-butanol and absorbance of the extracted 
product was measured at 360 nm. The results are given 
in Table II and plotted in Fig. 2. 
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Fig. 1 : Absorpfion specfrum of yel low coloured compound formed 
by Formic acid wi th Anisole and N i t r i c ocid . 
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Table — II : Effect of Nitric acid concentration 
S.No. Molarity of Nitric acid Absorbance 
1. 2 tl 0.18 
2. 3 ri 0.38 
3. 4 n 0.8 0 
4. 4.Sn 0.72 
5. 5 tl 0-52 
6. 6 fl 0.30 
It is clear from Fig. 2. that 4 M of nitric acid 
gives best results. 
Effect of heating time 
To 10 ml of 0.5% formic acid in v/ater was added 2 ml of 
anisole,then to this solution was added 5 ml of (4 t^ ) 
nitric acid and made upto mark by water in a 25 ml 
standard flask transferr^<rfto a conical flask and was 
heated on water bath for different times. After cooling 
at room temperature it was transferr^ciin a separatory 
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and 
funne l ' ' ex t rac ted with 10 ml of n-butanol. The abaorbance 
of the extracted product was measured to 360 nm. The 
r e s u l t s a r e given in Table I I I and p l o t t e d in F i g . 
3. 
Table — III : Effect of heating time on the formation of 
coloured product. 
S.No. Heating time Absorbance 
(minutes) 
1. 30 0 .00 
2. 45 0.16 
3. 60 0.52 
4. 70 0.7 8 
5. 90 0.80 
6. 120 0.80 
7. 150 0.80 
It is clear from Fig. 3 that 90 minutes was found most 
suitable for determination. 
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Fig. 3 : Absorbonce of coloured product on d i f ferent heofing f (me 
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Stability of colour 
To 10 ml of 0.3% formic acid in water was added 2 ml of 
anisole, then to this solution was added 5 ml of (4 M) 
nitric acid and made up to mark by water in a 25 ml 
standard flask, it was then transferred to a conical 
flask and was heated on water bath for 90 minutes. After 
cooling at room temperature it v;as transferred in a 
separatory funnel extracted with 10 ml of n butanol and 
absorbance was measured at 360 nm. This colour solution 
was kept for the desired time and absorbance was 
measured at different time intervals. The results are 
given in Table IV and plotted in Fig. 4. 
Table IV : Absorbance of the developed colour at 
different time intervals. 
S.No. Time after development Absorbance 
of colour 
(minutes) 
1. 10 0.50 
2. 30 0.51 
3. 60 0.51 
4. 90 0.51 
5. 120 0.51 
6. 180 0.51 
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Fig. 4 stobility of yellow coloured compound aZ" 3^<3 ToAl 
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It is clear from Fig. 4 that the yellow coloured product 
does not show a change in absorbance upto 3 hrs. 
Calibration Graph 
To 10 ml of formic acid in water was added 2 ml of 
Anisole. The concentration was varied from 0.1% to 0.7%. 
Then to this solution was added 5 ml of (4 M) nitric 
acid and made up to mark by water in a 25 ml standard 
flask. Now transferred to a conical flask and was heated 
on water bath for 90 minutes. After cooling at room 
temperature it was transferred in a separatory funnel 
with 10 ml of n butanol. The absorbance of the extracted 
product was measured at 360 nm. The results are given in 
Table V and plotted in Fig. 5. 
Table V : Absorbance of coloured product formed by 
varying concentrations of formic acid. 
S.No. Different percentage of Absorbance 
formic acid 
1. 0.1% 0.14 
2. 0.2% 0.30 
3. 0.3% 0.48 
4. 0.4% 0.62 
5. 0.5% 0.78 
6. 0.6% 0.94 
7. 0.7% 1.08 
The results of Table V and Fig. 5 (Calibration curve) 
indicate that Beer's law is obeyed in the range (10 mg 
7 0 mg). 
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DISCUSSION 
Formic acid is a reducing agentbecause of the presence of 
aldehyde group^thus it reduces nitric acid to nitrous 
acid. 
HCOOH + HNO^ > HNO2 + CO^ + ^ 9^ 
Since —OCH^ is o,p-directing. The first substitution 
takes place at o, p^ position. When Anisole reacts with 
nitrous acid to form p-nitrosoanisole(as intermediate) 
accordingtJthe' following reaction : 
OCH^ 
+ HONO 
H NO (violet) 
The formation of nitrosoanisole was confirmed by the 
Libermann's test as follows — 
Take 1 ml of compound in a test tube then add Q. 0^5 
gm of phenol and warm for 20 seconds, cool and add 1 ml 
of concentrated sulphuric acid. A green colour appears 
when pouring into cold water (50 ml) this colour will 
change into red colour. On adding NaOH then the red 
colour change into green colour , confirms positive 
—NO group test. 
A positive test was given by violet coloured 
compound. The violet coloured compound on keeping some 
time changes to yell^e^Sq^^j^^^urttrer in very dilute 
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solution the violet colour is not stable and only 
yellow coloured compound is observed. This can be 
explained with the view that nitrosoanisole can be 
easily oxidized by HNO- present in excess or even by 
air to give nitro compound. The reaction may be 
represented as follows—-
Mechanism 
OCH. OCH-
|l ^ 1 + HO—NO. + N=0 
OCH. 
HONO + 
(-) ^^N=0 
o-^ C+^  
(nitroanisole) (Yellow) 
The reaction of formic acid with nitric acid and 
anisole proceeds through an intermediate formation. 
When we take a higher concentration of formic acid, a 
violet coloured compound is first formed in cold and be 
studied for the presence of nitroso group, this then 
changes to yellow coloured compound. However in very 
dilute solutions the formation of violet coloured 
compound, an intermediate, is not observed also in cold 
no colour is obtained on heating only yellow coloured 
compound is obtained, probably because of unstability 
of (violet coloured) nitroso compound on higher 
temperature. 
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Test for nitre group 
Take 1 ml of compound in a test tube, add 5 cc of 
alcohol, 5 drops of CaCl^ and a pinch of zinc dust and 
boil, cool and filter in a test tube containing 
Tollen's reagent. Formation of white precipitate shows 
the presence of nitro group. 
The results of this study reveal that the 
reaction of formic acid with nitric acid and anisole to 
produce a yellow coloured compound can be successfully 
used for the determination of formic acid do rng-70 mg ) 
The absorption spectrum of the yellow coloured compound 
extracted inT»t)utanol, given in Figure (1) shov/s a -A max 
at 360 nm, therefore, this wave length was chosen for 
the spectrophotometric estimation of formic acid. 
The results summarized in table XI indicate that 
the amount of nitric acid greatly affects the intensity 
of the colour. These results plotted in Figure (2) 
indicate that maximum sensitivity is obtained when 5 ml 
of 4M nitric acid is used in a total volume of 25 ml. 
Hence,optimum concentration of nitric acid was taken as 
4 molar. 
The results of the effect of heating time 
summarized in Table Jf£ and plotted in Figure (3) show 
that a 90 minutes heating on water bath gives the 
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completion of reaction. This time of heating was 
therefore, taken for all the measurements. The results 
of Table Ei? and Figure 4 reveal that the yellow coloured 
compound formed shows the constant intensity for a 
period of 10 minutesto 180 minutes. It shows that the 
product is stable for quite a long time. 
The results of Table V , Figure 5 (calibration 
curve) indicate that Beer's law is obeyed in the range 
-(10 mg — 70 mg) . 
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